A study was undertaken to investigate the effects of crumb rubber on the strength and mechanical behaviour of Rubberized cement soil (RCS). In the present investigation, 26 groups of soil samples were prepared at five different percentages of crumb rubber content, four different percentages of cement content and two different finenesses of crumb rubber particle. Compressive strength tests were carried out at the curing age of 7 days, 14 days, 28 days and 90 days. The test results indicated that the inclusion of crumb rubber within cement soil leads to a decrease in the compressive strength and stiffness and improves the cement soil's brittle behaviour to a more ductile one. A reduction of up to 31% in the compressive strength happened in the 20% crumb content group. The compressive strength increases with the increase in the cement content. And the enlargement of cement content is more efficient at low cement content.
INTRODUCTION
Soil treatment with cement for the improvement of problematic soils has increased significantly in recent decades. A variety of selected additives have been mixed into artificially cemented soils by several investigators [1] [2] [3] [4] [5] .However, it is worth noting that the additives sometimes lead to a high stiffness and brittle behavior [6] . With the increasing awareness of environmental protection and lack of resources, more and more researches are engaged in the recycling and reusing of industrial wastes.
Used tires have become a big problem for the modern society due to the durability and huge volumes of discarded tires every year. They are disposed at a rate of 1.1 tires per person per year [7] . When the force reaches the ultimate strength of cement soil, which has the compressive strength greater than 2000kPa, the specimen experiences brittle fracture [8] . Using recycled tire rubber in cement-treated soil can provide an efficient way of utilizing rubber and a solution to the problem of high stiffness and brittle behavior of artificially cemented soils. Cement mixing pile will obtain better plasticity with rubber crumbs. The rubber crumbs mixed into the cement-treated soil may work similarly to that with rubberized concrete. Previously undertaken extensive research on rubberized concrete Ohemeng and Yalley [9] found that the compressive strength of rubberized concrete pavement blocks are affected differently depending on the rubber content and W/C ratio used. A systematic reduction in compressive strength takes place when the rubber content increases in the mixture which is consistent to the observations made by Neil and Ahmed [10] . Raimundo et al. [11] used a completely random experimental design to simultaneously optimize process variables and cementitious mixture components for rubberization. The optimum condition in the rubberized concrete, considering studied variables, is 2.4 mm size of rubber, 2.5% of rubber that replaced the aggregate, 16% of cement, 76% of aggregate and 8% of water. Fedroff et al. [12] have reported higher air content in rubberized concrete than control mixtures, and Guang-Cheng Long et al. [13] regard it as the cause of compressive strength reduction. Ri-Xin Liu et al. [14] found that crumb rubber mixed into concrete could improve the plasticity and ductility of concrete. In other words, all of the previous studies have shown that the addition of crumb rubber causes a significant reduction in the strength as well as a decrease in the stiffness of the concrete. Since stabilization by cement is a proven technique for improving of the properties of soil, significant amount of research has been focused on the impact factors of mechanical properties. Subramaniam and Banerjee [15] conducted a series of cyclic triaxial tests on artificially cement treated marine clay to study the factors affecting the shear modulus degradation. Research concluded that cement-treated clays exhibit stiffness degradation which depends on the mix ratio, curing time and loading condition. Study by Nilo et al. [16] the strength controlling parameters of a fine grained soil molded at a different dosage ratio. A unique relationship was achieved linking the unconfined compressive strength of the studied fine grained soil with the molding water content, porosity and the volumetric cement content. Anggraini et al. [17] performed numbers of indirect tensile tests and unconfined compression tests focused on the effects of additives. The research has shown that both tensile and compressive strengths increased with the addition of lime, coir fiber and the increasing of the curing time. The objective of this paper is to determine the strength and mechanical behavior of rubberized cement soil. As reviewed above, the compressive strength of cement soil is greatly influenced by its constituents, the mixture design parameters and the curing time. Therefore, a series of compressive strength tests were carried out on the RCS specimens with different rubber particle size, different mixing amount of crumb rubber and cement and different curing period.
EXPERIMENTAL PROGRAM

MATERIALS
The soil used in the present research was obtained from Shenyang area, China. The basic properties of the soil such as specific gravity and Atterberg limits are shown in Table 1 . To ensure the uniformity of particle size of soil, the soil has been sifted by a sifter with 2mm mesh size after tumble dry and pulverization. Ordinary Portland cement of grade 32.5 conforming to GB175-2007 was used in this study. Waste tire rubber was grinded into two kinds of crumb rubber, 30/40 mesh powder and 60/80 mesh powder. Tap water was used for molding specimens for the compressive strength tests. Where:
mc-mass of the cement, mr-mass of crumb rubber, ms-mass of dried soil, mw-mass of water -mass percentage of cement (expressed in relation to mass of dry soil ), -mass percentage of crumb rubber(expressed in relation to mass of cement)
The variables in this research were: cement content (7%, 15%, 20% and 25% by weight of dry soil), crumb rubber content (0%,5%,10%,15% and 20% by weight of cement, as a replacement of cement), particle size of crumb rubber(30/40mesh and 60/80 mesh). Twelve 70.7mm cubes were prepared from each mix, and they were divided equally into four groups. The four groups were used for compressive strength tests performed during the period of 7 days, 14 days, 28 days, and 90 days respectively. Table   2 provides the components of each mix and the Mixture code used in this paper. After the necessary proportion of soil, cement and crumb rubber were weighed and fully mixed, and then a certain quantity of water was added to the mixture. The mixture was stirred before it turned into homogeneous paste. The specimen was then statically compacted in three layers inside a mould.
The specimens were demoulded after 24h and cured in a moisture chamber until the compressive strength tests were carried out.
PROGRAM OF COMPRESSIVE STRENGTH TESTS
Compressive strength tests were performed on the cubic specimens at the curing age of 7 days, 14 days, 28 days, and 90 days. An automatic loading machine (SYE-2000A), with maximum capacity of 2000kN was used during the tests. All the data before the axial stress reached compressive strength were recorded by DH3816 programmable static strain gage. The increment of load level is 0.1MPa at the beginning of loading, and then it turned into 0.2MPa. The loading rate was 100N/s to 150N/s.
The tests were repeated on three identical specimens, and the average value was used in the report.
RESULTS AND DISCUSSION
As mentioned above, the strength of cement soil depends on various factors such as cement content, curing time and additive. The following discusses the factors affecting the strength of Rubberized Cement Soil.
EFFECTS OF CRUMB RUBBER ON COMPRESSIVE STRENGTH OF CEMENT-TREATED SOIL
EFFECT OF CURING TIME ON THE COMPRESSIVE STRENGTH
The effect of the curing time on the compressive strength of the soil samples is shown in Fig.1 . It can be observed that the compressive strength of the soil samples increased as curing age prolonged. The strength of 8 studied mixes developed in a similar manner. There was a much larger strength increase rate before the 28 days after casting than the curing period after it. As shown in Fig.1, 56% to 87.4%
of late compressive strength developed during the 28 days after casting which is in correspondence with previous relevant work [18] [19] [20] . 
EFFECT OF CRUMB RUBBER CONTENT ON COMPRESSIVE STRENGTH
Figs.2-5 depicts the effect of addition of crumb rubber on the compressive strength of the cementtreated soil at different cement level (7%, 20%), different fineness of crumb rubber (30/40, 60/80mesh) and different curing age (7-, 14-, 28-and 90-day).As can be seen, when soil was 20% cemented and 30/40 mesh crumb rubber was used, compared to the cement soil without crumb rubber, a reduction of 4%, 10%, 14%, 17 % and 14%, 14%, 25%, 31 % occurred in specimens' strength at curing age of 28 days and 90 days for 5%, 10%, 15% and 20% crumb rubber content respectively. The above two A particle contributed to strength descent when the cement around it turned into cement-hydrate. 
EFFECT OF CEMENT CONTENT ON COMPRESSIVE STRENGTH
It can be seen from Figs.6-9 that compressive strength of rubberized cement soil increased with the addition of cement, and the higher the cement content, the greater the compressive strength.
It is illustrated by the increase of the volume of cement-hydrate network. The volume of network in the soil samples increased with the increase of cement content. And the bigger percentage of volume of network resulted in a more stable network of cement-hydrate and a bigger compressive strength. At the condition of cement soil containing 20% rubber (by weight of cement) whose fineness is 30/40 mesh, the strength increase rates were 132%, 9.5%, 17.3% (at the curing age of 28 days) and 76%, 11,9%, 23,4% (at curing age of 90 days) , while cement content (7%, 15%, 20% and 25%)
changed from 7% to 25% one by one.
It is indicated that the enlargement of cement content is more efficient at low cement content. 9.64% in this study. It is obvious from Fig.1 that changing crumb rubber particle size didn't have much of an impact on the compressive strength of soil samples in the research. Maybe it is related to the limited differences in size between the two different groups of crumb rubber used in the study.
EFFECT OF CRUMB RUBBER PARTICLE SIZE ON COMPRESSIVE STRENGTH
According to F. C. Wang et al. [22] , there is an optimizing crumb rubber particle size. A significant variation will take place if the size of the crumb rubber is distributed on a larger scale. 
EFFECT OF CRUMB RUBBER ADDITIVE ON STRESS-STRAIN CURVE
Figs.10-17 show the stress-strain curves of the soil samples incorporated with 20% cement, which were obtained from the compressive strength tests on cubes. It can be seen from Fig.4 that the addition of crumb rubber resulted in a significant increase in peak strain of the stress-strain curve. The increase rates of peak strain at the curing age of 28 days were 3.49%, 27.71%, 57.12%, 64.06% for 5%, 10%, 15%, 20% crumb rubber content, respectively when the soil samples contained crumb rubber of 30/40
mesh. The increase rates of peak strain at the curing age of 28 days were 44.8%, 80.85%, 101.13%
for 5%, 10%, 20% crumb rubber content, respectively when the soil samples contained crumb rubber of 60/80 mesh. It is indicated that the incorporation of crumb rubber increases the peak strain of stress-strain curve of soil sample and improves the plasticity of cement soil.
EFFECTS OF CRUMB RUBBER ON COMPRESSIVE STRENGTH OF CEMENT-TREATED SOIL 69
The peak strain of RCS specimens increased with the increase of crumb rubber content. 60/80 mesh crumb rubber is better than 30/40 mesh crumb rubber in improving the plasticity of cement soil. 
SUMMARY AND CONCLUSIONS
This article investigated the influence of the amount of crumb rubber, the size of crumb rubber particle, and cement content on the compressive strength of RCS during different curing stages. From the data presented in this paper the following conclusions can be drawn:
1. Using crumb rubber in cement-treated soil can lead to a lower strength. From the results of the compressive strength tests, for cement content of 7%, 15%, 20% and 25%,the compressive strengths at 7-, 14-, 28-and 90-day curing age all show a decreasing trend when the crumb content increases. It is shown that utilizing 20% crumb rubber content can lead up to 17% and 31% reduction in the compressive strength at the curing age of 28 days and 90 days 2. Addition of cement increases the unconfined compressive strength of samples dramatically.
And the enlargement of cement content is more efficient at low cement content.
3. For the two 30/40 mesh and 60/80 mesh groups of crumb rubber that is used in the study, varying in the size of crumb rubber particle doesn't make a significant difference in unconfined compressive strength of rubberized cement soil.
4. It is noted that for the cement content 20%, the rubberized cement soil shows better plasticity than that of the control mix (without crumb rubber). Rys. 14. Krzywe materiałowe przy C=20%, F= 60/80 Sito, T=7d 
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